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Abstract 
This paper proposes Systems of Systems (SoS) as a conceptual framework to 
support the creation, evolution and study of Spatial Data Infrastructures (SDIs). 
After reviewing the relationship between SDIs and generic Information 
Infrastructures (IIs), a comparison of the latter and SoS is presented. The 
conclusions of this comparison lead us to propose that IIs can be considered as 
SoS with several distinctive characteristics. This would allow the SDI community 
to consider a new set of techniques, methods and tools, coming from the SoS 
community to advance in SDI research and development. 
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1. INTRODUCTION 
 
A commonly cited definition of Spatial Data Infrastructure (SDI) is provided by the 
SDI cookbook version 2.0: ‘The term “Spatial Data Infrastructure” (SDI) is often 
used to denote the relevant base collection of technologies, policies and 
institutional arrangements that facilitate the availability of and access to spatial 
data’ (GSDI Technical Working Group and contributors 2004 p. 8). Among the 
objectives of an SDI, this reference includes promoting a reliable environment to 
facilitate the access to geographical information and the agreements, 
organizations and programs needed to coordinate SDIs at different scales.  
 
The different nature of the components pointed out for SDIs, both technical and 
social, has made several authors to point out that SDIs can be considered under 
the point of view provided by Information Infrastructures (IIs) (Coleman and 
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McLaughlin  1997; Bernard et al. 2005; Georgiadou, Puri, and Sahay 2005). 
Nevertheless, other frameworks are possible to support SDI research. For the 
last decades, the systems literature has been coining a term to refer to an 
emergent class of complex systems composed of other systems: Systems of 
Systems (SoS) (Maier 1996). The fundamental characteristics proposed for this 
class of systems suggest they could provide a new point of view to help in the 
understanding and development of SDIs.  
 
In the rest of this paper, we review the characteristics of Information 
Infrastructures and Systems of Systems, and present a comparison between 
them. The conclusions of this comparison lead us to propose SoS as another 
conceptual framework to study SDIs. We support this point by presenting several 
examples from the SoS literature with techniques, processes and studies that are 
applicable to SDIs and thus of possible interest to the SDI community. 
 
 
 
2. INFORMATION INFRASTRUCTURES 
 
Anne Branscomb was among the first researchers to introduce the term 
Information Infrastructure to refer to the media, carriers and physical 
infrastructure used to deliver information (Branscomb 1982). Hanseth and 
Monteiro (1998) focus on information technology based infrastructures, but at the 
application level, not at the telecommunication networks one. They sustain that 
IIs are information systems, but not only that: they are shared by a large user 
community across large geographical areas and must be understood under a 
holistic perspective, because they are more than the individual components. To 
summarize the relationship between IIs and telecommunication networks and the 
applications they support, Borgman (2003) reviews several definitions for the 
term Information Infrastructure, and concludes that these can be grouped under 
three different perspectives: as public policy constructs that regulate 
communication networks and network services, as technical frameworks that 
incorporate the Internet and its services, and as encompassing frameworks that 
include networks, computers, software, information resources, developers and 
producers. 
 
The term infrastructure suggests the capability to support, or enable, certain 
structures. Coleman and McLaughlin (1997) already point out the idea of IIs as 
enabling agents. This enabling infrastructure idea is also considered by Star and 
Ruhleder (1996), who point out that something is an infrastructure only in relation 
to some practices. They add that an infrastructure occurs when local practices 
are developed naturally thanks to a larger-scale technology that becomes 
transparent to these practices (i.e. it enables them transparently), and list several 
dimensions of infrastructures: they are embedded and transparent; they posses 
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reach or scope; they are learned as part of membership; they are linked with 
conventions of practice; they embody standards; they are built on an installed 
base and they become visible upon breakdown. Hanseth and Monteiro (1998) 
include the enabling function among the characteristics of an II. 
 
Studying IIs requires addressing their technical, social and organizational 
aspects, from local to global environments (Bowker et al. 2008). These authors 
consider that infrastructure studies should be considered as ‘process building’ 
involving simultaneously ‘community-building’ and ‘systems-building’. II research 
should thus focus on integrating methods and research coming from those fields 
which have contributed to the study of Information Infrastructures: computer 
science, information science, communication, organization theory, cognitive 
science and science and technology studies. These fields would provide the 
methods to study the very different characteristics that IIs posses: enabling 
function, shared by a community, socio-technical nature, interconnected in 
networks, open, heterogeneous, and evolved over an installed base (Hanseth & 
Monteiro 1998 chap. 3). 
 
 
3. SYSTEMS OF SYSTEMS 
 
Although there is not an agreed definition for the term System of Systems, the 
term has been appearing in the literature for many years. Several authors have 
proposed some of the characteristics that a system should have to be considered 
an SoS. One of the most cited set of characteristics is proposed by Maier (1996). 
It includes five main characteristics, sometimes referred to as Maier’s criteria, to 
distinguish between large and complex but monolithic systems and ‘true’ 
Systems of Systems:  
 
• Operational independence of the elements: the component systems must 
be able to operate independently when they are not integrated in the SoS, 
i.e., they are useful on their own. 
• Managerial independence of the elements: the component systems keep 
operating independently, at least so some extent, while they are 
integrated in the SoS. 
• Evolutionary development: a SoS grows and evolves with time and 
experience. 
• Emergent behavior: a SoS is able to perform functions that can not be 
found in any component system, and these functions are the main SoS 
objectives. 
• Geographic distribution: a SoS is distributed over a large geographic 
extent. 
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As the independence of their component systems is such a distinctive 
characteristic, Maier (1996) also proposes three categories for SoS according to 
their strategies for managerial control: 
 
• Directed: those built and managed to fulfill certain purposes. They are 
centrally managed and the normal operations of component systems are 
subordinated to this central management, although they can operate 
independently when needed. 
• Collaborative: those built and managed to fulfill certain purposes, but the 
component systems must voluntarily collaborate to fulfill them. 
• Virtual: those which lack central management or centrally agreed 
purposes. Emergent, large scale, behaviors may appear, but they are not 
under the direct control of any central management structure. 
 
DeLaurentis and Callaway (2004) synthesize the main characteristics of a SoS in 
three distinguishing traits: physical distribution, overall functionality depending on 
the linkages between the component systems, i.e. networks, and component 
system heterogeneity, i.e. people, organizations, computer systems, etc. A SoS 
would be thus a combination of different systems that performs a function not 
performable by any of them alone and which shows those traits. 
 
Boardman and Sauser (2006) have also suggested a set of characteristics to 
differentiate SoS from other systems, focusing on the idea of composition: 
 
• Autonomy: the component systems must show autonomy, i.e. they must 
be free to achieve their main purpose, and this purpose cannot be just 
being a part of other system. 
• Belonging: the component systems, though autonomous systems 
themselves, must at the same time become a part of the SoS. 
• Connectivity: the component systems must be allowed to create and 
destroy links among their interfaces dynamically, in order to enable the 
SoS. 
• Diversity: a SoS should be very diverse in its capability as a system; it 
must be capabilities-based and not requirements-driven. This way it will 
be able to adapt itself to change, uncertainty and innovation. 
• Emergence: because of the previous characteristics, SoS may show 
unexpected emergent properties, and this is desirable. The challenge is to 
maintain an environment where this may happen, while being able to 
detect and destroy quickly ‘bad’ emergent properties. 
 
Although these, and other, definitions for the term system of systems are 
different, they have points in common. On the one hand, SoS would be 
geographically distributed but interconnected autonomous systems, which 
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include heterogeneous components. On the other hand, they show emerging 
behaviors that were not possible before the SoS was established. 
 
SoS distinguishing characteristics make them difficult to build and manage with 
traditional engineering practices. According to Fisher (2006), monolithic systems 
depend on central control, global visibility, hierarchical structures and coordinated 
activities, but these characteristics cannot be expected in SoS, where we find 
distributed control, cooperation, influence, cascade effects, orchestration and 
other emergent behaviours. New approaches are thus needed to tackle with this 
new kind of systems. 
 
4. A COMPARISON BETWEEN INFORMATION INFRASTRUCTURES 
AND SYSTEMS OF SYSTEMS 
 
The existence of a relationship between IIs and SoS has been only indirectly 
pointed out in the literature, maybe because these terms are generally used in 
different research communities. For instance, Hipel et al. (2007) indicate that 
Infrastructure and Transportation Systems, which they consider under a SoS 
approach, are underpinned by an II, i.e. traffic control systems, that sustains 
them. It is also possible to find examples of certain domains, for instance health 
systems, where IIs (Yasnoff et al.  2004) and SoS (Wickramasinghe et al.  2007) 
are proposed as different approaches to similar problems. Another significant 
example of a system studied under both perspectives is the Internet: for instance, 
Maier (1996) and Selberg and Austin (2008) point out the Internet as an example 
of an SoS, while Hanseth and Monteiro (1998) include the Internet as one of the 
main examples of II. 
 
Nevertheless, and taking into account the aforementioned definitions of II and 
SoS, we can conclude that they share several characteristics: 
 
• Evolution: Maier (1996) considers that SoS do not appear fully formed 
and change according to experience. Hanseth and Monteiro (1998, chap. 
9) position is that IIs extend and improve the existing base, an old version 
of the infrastructure. Both points share something important: SoS and IIs 
cannot be completely developed from scratch. They will grow and change 
over time depending on how they are used, i.e. they both evolve. 
• Emergence: Boardman and Sauser (2006) point out that emergent, not 
foreseen, behaviours are crucial for an SoS to be able to adapt to a broad 
range of changing requirements.   Hanseth and Monteiro (1998, chap. 9) 
state that changes which are not anticipated or intended, i.e. emergent, 
occur spontaneously in IIs when some of their components are used 
beyond their original function.  
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• Distribution: DeLaurentis and Callaway (2004) and Maier (1996) consider 
that systems which are not physically distributed could not be considered 
as SoS. Star and Ruhleder (1996) point out that infrastructures have 
reach beyond a single place while Hanseth and Monteiro (1998, chapter. 
1) explain that IIs are shared by communities across large geographical 
areas.  
• Network: DeLaurentis and Callaway (2004) sustain that the overall 
functionality of a SoS depends on the linkages between the distributed 
systems that compose it. Boardman and Sauser (2006) point out that the 
systems that form an SoS must be allowed to connect to the others, 
possibly by means of a net-centric architecture because that enhances 
the capabilities of the SoS. Hanseth and Monteiro (1998, chap. 3) write 
that IIs are connected: layered, linking related networks or integrating 
independent components. 
• Heterogeneity: DeLaurentis and Callaway (2004) consider that system 
heterogeneity, especially the inclusion of sentient systems as people and 
organizations is a distinguishing trait of SoS. Hanseth and Monteiro 
(1998, chap. 3) point out that IIs are socio-technical, being that fact one 
dimension of their heterogeneity.  
 
These common characteristics are summarized in Table 1. 
 
Table 1: Common characteristics found in II and SoS definitions 
SoS characteristic II characteristic 
Evolutionary development (Maier  1996) Evolution of an installed base (Hanseth and Monteiro  1998) 
Emergence (Boardman and Sauser  
2006) 
Emergent changes in IIs (Hanseth and 
Monteiro  1998, chap. 9) 
Geographic distribution (Maier  1996), 
Physical distribution (DeLaurentis and 
Callaway  2004) 
Spatial reach (Star and Ruhleder  
1996), Across large geographical 
areas (Hanseth and Monteiro  1998) 
Linkages between components 
(DeLaurentis and Callaway  2004), 
Connectivity (Boardman and Sauser  
2006) 
Interconnected in networks (Hanseth 
and Monteiro  1998) 
Component system heterogeneity 
(DeLaurentis and Callaway  2004) 
Socio-technical nature, 
Heterogeneous (Hanseth and 
Monteiro  1998) 
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There are also other issues in common. For instance, Hanseth, Monteiro and 
Hatling (1996) discuss about the tension between standardization and flexibility in 
IIs. Information Infrastructures change during their lives, i.e. their components 
change, but the existence of standards, that these components used to follow 
and those components which are still in place continue to use, implies a 
resistance to change. Fisher, Meyers, and Place (2007) point out that explicit and 
standardized interfaces are an assumption of traditional systems engineering 
practices, which will need to evolve to adapt to the flexibility and adaptability 
present in SoS. 
 
Two of the Maier’s criteria for SoS, operational independence and managerial 
independence seem not considered, at least explicitly, in the definitions of II. 
Nevertheless, the fact that IIs are usually characterized as heterogeneous, 
networked and dependent on open and standardized interfaces would imply that 
it is possible that there is not a central authority, i.e. there is at least certain 
managerial independence of their different parts. Besides this, the fact that these 
parts, interconnected thanks to their open and standardized interfaces, can also 
function independently, would imply that there is operational independence. 
Some significant examples of II, for instance the Internet itself (Hanseth, Monteiro 
and Hatling 1996), have operationally and managerially independent 
components. 
 
In summary, as the definitions for II and SoS are diverse, the relationship 
between these concepts is difficult to characterize. However, it seems clear that 
there is a relationship between them. Additionally, there are also certain 
differences among them. We propose that these differences can be seen as 
additional characteristics that a SoS must possess to be considered an II: 
 
• The enabling, or supporting, nature of IIs, i.e. the idea of infrastructure, it 
is not considered for SoS in general. As discussed before, the idea of 
infrastructure may make sense only in relation with some practices that 
are developed thanks to its existence. An SoS can be an infrastructure, 
when used to support some of these practices showing those dimensions 
described by Star and Ruhleder (1996), but this is not fundamental to be 
an SoS. 
• SoS encompass very different kinds of systems. For instance Hipel et al. 
(2007) mention service systems, infrastructure and transportation 
systems, environmental and energy systems, sensors and robotics, health 
systems, etc. IIs are focused on the distribution of information and thus 
they could be Information Systems of Systems or maybe Systems of 
Information Systems. 
• Information Infrastructures grow over an existing installed base. Systems 
of Systems do not have this requirement, although the literature seems to 
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imply that it will not be uncommon to find that they need to be developed 
after some of their component systems are already in place, i.e. over an 
existing installed base. 
 
5. ESTABLISHING, MANAGING AND EVALUATING SPATIAL DATA 
INFRASTRUCTURES AS SYSTEMS OF SYSTEMS 
 
This section reviews several techniques that are proposed to develop, manage 
and analyze different aspects of SoS, and provides some hints on their 
application to solve similar issues in SDIs.  
 
As pointed out in the introduction, the relationship between SDIs and IIs has 
already been established in the literature. Georgiadou (2006) indicates that the 
consequences of these relationships are that the social and technical 
components of SDIs are not separable and to understand them completely, it is 
necessary to explore the socio-technical processes and practices that can lead to 
a cultivated approach, in opposition to a construction approach, to SDIs. This is 
also considered by Nedovic-Budic and Budhathoki (2006), who point out that 
SDIs are cultivated from a social and technical installed base, and enabled by IIs 
and information and communication technologies. This proposal for the 
relationship between SDIs and IIs would be close to the idea of encompassing 
framework in Borgman (2003). Another relationship between SDIs and IIs can be 
deduced from the fact that most current SDI efforts are promoted by public 
administrations (Masser 2005 p. 18-21; Masser, Rajabifard, and Williamson  
2008), even as laws like the INSPIRE European directive (European Parliament 
and the European Council  2007). This fact relates SDIs to the public policy 
constructs in Borgman (2003). 
 
In the previous section we have proposed that IIs are a type of SoS with certain 
characteristics. Given that SDIs are a type of IIs, we may conclude that SDIs are 
a type of SoS, as pointed out, although not developed, by the United Nations SDI 
proposed technical governance framework (Atkinson and Box 2008). If SDIs are 
a type of SoS, the techniques and solutions that we can apply to create, maintain 
and study SoS could be used, maybe after some adaptation, for SDIs too. 
Systems of Systems engineering and architecting can provide several of these 
techniques and solutions. 
 
A very significant example of SoS engineering process is presented in Butterfield, 
Pearlman, and Vickroy (2008). In that work, a complete, architecture-centric and 
model based SoS engineering process is developed. This process addresses the 
necessity to go from high level mission objectives, those that justify the existence 
of the SoS, to requirements, constraints and system-level functionality of the 
different components of that SoS. The process is architecture-centric in the sense 
that the SoS architecture is the main artifact used to conceptualize, construct, 
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manage and evolve it. Because of the special characteristics of SoS, the architect 
must focus on interoperability and system interfaces to balance performance and 
risk. The integration of general system capabilities and particular customer goals 
is managed using a structured method that, through the SoS engineering 
process, leads to the central architecture model. The process is exemplified with 
the Global Earth Observation System of Systems (GEOSS) (Lautenbacher 2006). 
This SoS, net-centric, all-volunteer, organization-driven, with contributing data 
systems dropping in and out of it all the time, requires a flexible and robust 
development approach that could be applicable to SDI development too.  
 
Management and governance are related issues. They present important 
challenges in SoS because of the managerial independence of their component 
systems and the lack of a central authority. Gorod et al. (2007) focus on the 
networked nature of SoS to suggest an approach to manage them based on the 
ISO Network Management Model. Starting from the SoS characteristics proposed 
by Boardman and Sauser (2006), listed in section 203, they propose an SoS 
Operational Management Matrix that helps to identify best practices for SoS 
management, that should be applicable to SDI management too. Morris, Place 
and Smith (2006) start from the study of the governance issues in service-
oriented architectures and propose six characteristics for good SoS governance: 
 
• Collaboration and authority: since a SoS has not a single owner, 
governance will be collaboratively created by the participating 
organizations, which will follow it because it is in their own interest. 
• Motivation and accountability: as it is difficult to enforce policies in a 
context without a single central authority, public performance measures 
are proposed as a way to prevent poor behavior of the systems involved. 
• Multiple models: due to the variety of SoS, it is foreseen that different 
governance models will be developed. 
• Expectation of evolution: since evolution will be a usual characteristic in 
SoS, some actions will be needed to deal with it. Some examples of these 
actions are: informing about changes; coordinating schedules when 
changes affect others; maintaining several versions of the component 
systems to keep compatibility with older systems; taking measures to 
isolate systems from changes; and minimizing the perturbations to 
interfaces when a system is changed. 
• Highly fluid processes: planning for rapid changes in SoS governance is 
needed. However, localities in the SoS must be taken into consideration: 
it is easier to agree on a change of the governance rules affecting a small 
‘neighborhood’ in the SoS, than changing governance rules that affect the 
entire SoS. 
• Minimal centrality: although SoS will be generally distributed, there may 
appear centrality when there is a dominant system in the SoS, or when 
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certain infrastructure is required for the SoS to function. Anyway this 
should be kept to a minimum. 
 
These characteristics can be recognized as problems for SDI governance, 
although their implementation remains as a research challenge.  
Assessing the effectiveness of a SoS in fulfilling its objectives is difficult. Fisher, 
Meyers, and Place (2007) suggest several areas that influence the effectiveness 
of network-centric SoS, i.e. those enabled by and built upon large-scale 
communication networks: 
 
• Social and cultural environment: the environment should motivate 
collaborative behaviour. 
• Legal and regulatory framework: it should exist a legal framework that 
recognizes and regulates SoS. 
• Management practices: they should be sufficiently defined and performed 
for SoS. 
• Governance procedures: they should be cooperative and distributed. 
• Engineering practices: they should be appropriate for developing and 
evolving SoS. 
• Technology base: it should support the realization of the network-centric 
vision. 
 
These areas are comparable to those categories proposed by Warnest (2005) 
(pp. 22-23) to define a framework for SDIs: data, people, institutional frameworks, 
technology and standards. This highlights another possible relationship between 
SDIs and SoS: those areas that influence the effectiveness of a network-centric 
SoS, and would be thus important dimensions to assess this SoS, are similar to 
those used to categorize the components of an SDI. The relationship is shown in 
Table 2. Data is the only SDI framework category which does not have a 
correspondence with one of the proposed SoS areas: SoS are more general than 
SDI, and data are not always among their fundamental components. 
 
On the one hand, the correspondence shown in Table 2 suggests that if these 
areas influence the effectiveness of network-centric SoS, then they can be also 
taken as a base to develop processes and techniques to develop metrics to 
asses the state of SDIs. On the other hand, there are several methodologies to 
evaluate SDIs, for instance those reviewed by Grus, Crompvoets and Bregt 
(2007). They could provide a base to generalize them to the evaluation of 
generic, network-centric SoS, what remains as an unsolved problem. 
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Table 2: SoS areas and SDI categories 
SoS area SDI category 
Social and cultural environment People 
Legal and regulatory framework Institutional frameworks 
Management practices Institutional frameworks 
Governance procedures Institutional frameworks 
Engineering practices Standards 
Technology base Technology 
 
 
One of the characteristics listed in section 3 for SoS is that they should be 
capabilities-based and not requirements-driven. Nevertheless they are usually 
built with a purpose and some objectives, and these need to be analyzed and 
modeled to verify they are fulfilled. Lee and Gandhi (2005) present an ontology-
based framework that allows them to integrate different requirements engineering 
techniques (goal-driven, scenario-based, viewpoint-based etc.) in software 
intensive SoS. With this framework, objectives and goals for a system can be 
expressed in different ways, according to different stakeholders at different levels 
of detail, and then integrated. Through the use of the so-called Multi-Dimensional 
Link Analysis on the ontology described before, these authors suggest that some 
emergent behaviors of the system can be predicted and controlled. Although this 
solution only addresses the system at the requirements level, i.e. when it is being 
established, it tackles with one of the most complex problems that SoS and SDIs 
have to address: the existence of unavoidable, some times undesirable, 
emergent properties. 
 
6. RESEARCH CHALLENGES IN SPATIAL DATA INFRASTRUCTURES 
AND SYSTEMS OF SYSTEMS 
 
The relationship between SDIs and SoS, and the fact that these two fields are still 
immature in many aspects, could benefit researchers from both communities. SDI 
research could benefit from the generic systems perspective given by the SoS 
community, while the SoS community needs successful examples of SoS already 
in place, which the SDI community can provide. Besides this, many solutions 
proposed for SDIs can be generalized and applied to other SoS, while many 
solutions proposed for SoS need to be adapted to the more specific SDIs. 
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The architecture of SDIs is quite established in its technical components, and is 
starting to take into consideration more than technical aspects (Béjar 2009; Béjar 
et al. 2009), but it has not yet addressed a full SoS perspective. SoS architecting 
is a new field, and thus it presents many research challenges. Many of these 
challenges could be considered by the SDI research community, not only to find 
solutions applicable to SDI development, but also to extend solutions and studies 
created for SDIs to apply them to generic SoS. Valerdi et al. (2008) present the 
activity of a workshop celebrated at the University of Southern California, which 
intended to establish a research agenda for SoS architecting. Among the items in 
this agenda, several of them can be interesting for the SDI community:  
 
• Resilience: an attribute of a system that makes it less likely to fail and 
more likely to recover from major disruptions. This has not been 
significantly considered for SDIs, in our opinion because we are still 
struggling to set them up. However, as they become more used, it will 
be clearer that it is difficult to assure the availability of a system that 
nobody completely owns or controls. 
• Human limits to handling complexity: as SDIs grow, in components 
and in connections among these components, they will be more 
difficult to know. People in charge of maintaining SDIs will need tools 
allowing them to manage complex infrastructures which are in 
constant change. 
• Evolution and guided emergence: as mentioned in section 5, several 
authors have pointed out that SDIs must be ‘cultivated’ instead of 
constructed. This means, among other things, that their evolution over 
time should be guided, and that the emergence of unintended 
properties should be accepted. This goes against current systems 
engineering and architecting practices, where unintended properties 
must be eliminated. New approaches are thus needed. 
• Study of systems without a single owner: SDIs may have many 
participants, with different degrees of independence. In order to 
achieve common objectives, the mechanisms used by them to reach 
agreements, establish policies or choose standards, will be different 
from those used in traditional information systems controlled under a 
single authority.  
 
Keating (2005) argues that SoS engineering is also an immature field, ‘in an 
infancy of development’ (p. 2723), and suggests several areas where research is 
needed. Many of these areas are applicable to SDIs:  
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• Context: what enables or constrains. In the case of SDIs, the external 
reasons for their successes and failures, and the economic, political 
and social conditions which shape them. 
• Bounding: along different dimensions (geographical, physical, time, 
and conceptual). There are not defined criteria to determine where an 
SDI ends and where the uses of this SDI begin. This makes it difficult, 
for instance, to calculate the necessary funding. It is also unclear how 
SDIs formed by other SDIs distribute their responsibilities, and 
resources, and to which of these SDIs the different components and 
services belong to. 
• Transformation: SDIs evolve and change, new services and datasets 
are constantly being integrated, new standards appear, new 
necessities must be satisfied. Finding patterns of this change, and 
models which could help to predict, to some extent, the extent of 
these changes would allow for establishing long-term strategies to 
achieve sustainable infrastructures. 
• Modeling and representation: it is not yet clear the best way to specify 
and document SDIs taking into consideration their distributed nature 
and their socio-technical aspects. Different tools will probably be 
useful for different requirements, e.g. software architecture 
methodologies for SDI development, or actor-network theory to detail 
and analyze the interactions among their social components. 
• Facilitation and methodologies: new methodologies and environments 
to support engineering approaches to the development of SDIs may 
prove themselves useful. New ones may be necessary because the 
typical engineering methodologies, e.g. software engineering, are 
designed to develop ‘traditional’ systems and not systems of systems. 
  
7. CONCLUSIONS 
 
Although the term Information Infrastructure is not clearly defined, the relationship 
between these infrastructures and SDIs has been established in the literature 
almost since the conception of the latter. This relationship provides a conceptual 
framework to advance on the knowledge about SDIs. Nevertheless, there are 
other possible frameworks for SDIs. The systems research community has been 
working on the concept of system of systems, a complex system that consists of 
several independent systems, for the last few decades. Although this concept is 
neither mature nor well defined, it has been useful to characterize a new class of 
systems that need specific solutions because they provide us with new 
challenges. 
 
In this paper, we have made a comparative analysis of the characteristics 
proposed for SoS and those proposed for IIs. This analysis has shown that these 
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terms are used to refer to similar concepts, although from different points of view. 
We have also highlighted that SoS is a broader term. IIs can be considered as 
SoS with several distinctive characteristics, at least three: their enabling nature, 
the focus on information and their dependence on an installed base.  
 
The relationship between IIs and SoS facilitate a new conceptual framework to 
study SDIs. The research on SoS provides us with knowledge that can be applied 
to the study of SDIs. System of systems engineering and architecture are 
emerging approaches to address problems that traditional systems engineering 
and architecture techniques do not solve well. These approaches give us tools, 
processes and methods to model, develop and evolve SDIs. We have shown 
several examples from the literature. There are methods to develop or manage 
SoS addressing their complexity, and studies of the characteristics of good 
governance practices and optimal conditions to sustain network-centric SoS that 
could be applied to SDIs. 
 
SoS literature also highlights those areas that are in need of research. On the 
one hand, most of these areas include research problems similar to those 
addressed by the SDI community, and thus of possible interest for its members. 
On the other hand, the SoS research community could benefit from examples 
and solutions provided by the SDI community and expressed in their terms. 
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